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(57) [Abstract] 
[Objective] 

lower be able to use hydrocarbon from methane or other in 
selective reduction method, as reducing gas, equipment being 
simple, making small ones, as itjust constitutes you obtain 
treatment method of nitrogen oxide where reduction process 
(This after all is connected to removal & purification of the 
exhaust gas. )of nitrogen oxide is possible, you obtain 
treatment apparatus of nitrogen oxide whichadopts this 
method even with when you use vis-a-vis for example 
domestic combustion equipment. 

[Constitution] 

nitrogen oxide with reducing gas contacting catalyst, it selects 
compound which designates gallium oxide (Ga 2 0 3 ) as main 
component in treatment method of nitrogen oxide,as catalyst 
with selective reduction method where nitrogen reduces the 
nitrogen oxide, it selects hydrocarbon as reducing gas, with 
reducing gas does the reduction reaction of nitrogen oxide 
with temperature region of 400 - 900 deg C. 



Claims 



[Claim(s)] 
[Claim 1] 



Page 3 Paterra Instant MT Machine Translation 



JP1994071140A 



1994-3-15 



©aTcSJC* 400-900 deg C T'fcdfc^bS 



[11*312] 

»<b#y^A(Ga 2 0 3 )£±jS#£*Sfc£fotf 
400-900 deg C Kftftf 5«S*8(8)#Klt& 



Specification 
[0001] 

^*ti*iWba*©*s<b*awtLTSffl* 
*iTL^iwba*a)«ia*aat;-ta)sai3 

a5c*xtttictt«ic»«*ti:T. a*iza 
5c-r*awa5c*s»fflLfcinba*a)«ia 
*aai;ca)***ffiffl-r*iHba*a)«ia 

[0002] 

[ft*(Dftffi] 

W)-#"*fc»ica***irL^*t«)-eft*o 



[0003] 



nitrogen oxide with reducing gas contacting catalyst, with 
selective reduction method which reduces aforementioned 
nitrogen oxide in nitrogen with the treatment method of 
nitrogen oxide, 

It is a compound where aforementioned catalyst designates 
gallium oxide (Ga 2 0 3 )as main component and also, 
aforementioned reducing gas being hydrocarbon , the 
treatment method 0 of nitrogen oxide which with 
aforementioned reducing gas does reduction reaction of 
aforementioned nitrogen oxide with 400 - 900 deg C 

[Claim 2] 

treatment apparatus 0 of nitrogen oxide where 
temperature-holding means (8) which catalytic reaction 
sectionwhere compound which designates gallium oxide 
(Ga 2 0 3 ) as main component is arranged(6) with, has supply 
means which supplies nitrogen oxide and hydrocarbon to 
theaforementioned catalytic reaction section simultaneously, 
furthermore keeps theaforementioned catalytic reaction 
section (6) in 400 - 900 deg C is provided 

[Description of the Invention] 
[0001] 

[Field of Industrial Application] 

As for this invention, rendering harmless of nitrogen oxide 
which is contained in the engine % boiler or other exhaust gas 
being a treatment method of nitrogen oxide which is adopted 
as object andsomething regarding its equipment, furthermore 
nitrogen oxide with reducing gas contacting catalyst in detail, 
It regards treatment method of nitrogen oxide which adopts 
selective reduction method which is reduced in nitrogen and 
treatment apparatus of nitrogen oxide which usesthis method. 

[0002] 

[Prior Art] 

Selective reduction method of this kind is something which is 
proposedbecause of (In nitrogen and oxygen disassembly) in 
atmosphere under oxygen copresence nitrogen oxide is 
reduced in nitrogen. 

Until recently, regarding to this method, you use zeolite type 
compound etc as the catalyst, propane and propylene etc are 
used as reductive gas. 

When this method is adopted, as reductive gas is supplied to 
catalytic reaction section, nitrogen oxide of treatment target is 
supplied simultaneously, this ispuritled by reduction process 
doing nitrogen oxide. 

[0003] 
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[0005] 

tic. &Kii*tfikit7mx*fc<>) . mmTtfi 

x\z&&mzMitmm<DM5tfrfc$: 400-900 

deg C Vt$Zte?Zt\Z&& 0 

$&^l6^{i^^blcM«SJSa5^ 400-900 
deg C lcftt#1"4ft;S^S^lSltbtiT^^C 



[0006] 

[ftffl] 

li^ii, mtmmtf 400-900 de g c ic$ti#^ti 

^t^^b^cDto^ffliCcfcy. ^b7K^t 



[Problems to be Solved by the Invention] 

But when zeolite and alumina are used regarding 
aforementioned Prior Art, as catalyst, it was necessary for 
carbon number to use hydrocarbon of 3 fault as reductive gas. 



Namely, propane and propylene etc it is used as reducing gas, 
but when for example this is used vis-a-vis domestic 
combustion equipment, as it isnecessary with this equipment 
to have propane and propylene or other gas cylinder, 
equipment becomes complicated, there was a problem where 
space which becomesnecessary for equipment becomes large. 

[0004] 

Then, lower hydrocarbon be able to use object of this 
invention, from methane or other in selective reduction 
method, as reducing gas, even with when you usevis-a-vis for 
example domestic combustion equipment, equipment being 
simple, makingsmall ones, as it just constitutes you obtain 
treatment method of nitrogen oxide where reduction process 
(This after all is connected to removal & purification of the 
exhaust gas. ) of nitrogen oxide is possible, It is to obtain 
treatment apparatus of nitrogen oxide which adopts this 
method. 

[0005] 

[Means to Solve the Problems] 

feature means of treatment method of nitrogen oxide is 
compound where catalyst designates gallium oxide (Ga 2 0 3 ) 
as main component with this invention in order toachieve this 
object and also, reducing gas being hydrocarbon , there 
aretimes when with aforementioned reducing gas reduction 
reaction of theaforementioned nitrogen oxide is done with 400 
- 900 deg C. 

Furthermore, feature constitution of treatment apparatus of 
nitrogen oxide has supply means whichsupplies nitrogen 
oxide and hydrocarbon to catalytic reaction section and 
catalytic reaction section where compound which designates 
gallium oxide (Ga 2 0 3 ) as main component isarranged 
simultaneously with this invention , furthermore are times 
when the temperature-holding means which keeps catalytic 
reaction section in 400 - 900 deg C is provided,action & effect 
are as follows. 

[0006] 

[Working Principle] 

In other words when treatment method of nitrogen oxide of 
this application is used, itreacts with hydrocarbon with 
catalysis of compound which designates the gallium oxide 
(Ga 2 0 3 ) as main component in reaction part where nitrogen 
oxide is maintained to400 - 900 deg C, changes in nitrogen. 
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[0007] 

*«©Kfca*©«iasa*ffiffl-r* 

[0008]' 
[£BJ3©3»£] 

tfRfc**tLrft*»©*fti^^>n*» 
mtim^t. iMbs*©*^*^***? 

xLr/^>*«fts©»^x4i|c«i&Lr. a 

&tt»©*X*jtta»IC#<f£lfe NOx 

©«»&ifx*»*ct3b<pni6tft4o 

BP*. «»*^©aJ54<*«lcSST7fe*tt 

*SiJfilc8ia-r«i&«i^d:L^fc«). ^x^-x 



[0009] 



iciKBf *»^©*«-#S* l ©*«#** 



carbon dioxide, water (Here, it has become reduction 
reaction concerning nitrogen. ). 

selectively it advances this reaction, in under oxygen 
copresence. 

Here, carbon number conventional way when hydrocarbon of 
3 or greater hydrocarbon where furthermore, methane or other 
carbon is little you use as reducing gas, thereaction advances. 

When this method is adopted vis-a-vis exhaust gas which 
contains resultand for example nitrogen oxide, this exhaust 
gas is done rendering harmless. 

[0007] 

On one hand, when treatment apparatus of nitrogen oxide of 
this application is used, the nitrogen oxide and hydrocarbon 
are supplied by catalytic reaction section by supply 
means aforementioned reduction reaction is done. 

[0008] 

[Effects of the Invention] 

Therefore by adopting invention of this application, as for 
example hydrocarbon, when methane etc where carbon 
number is little is adopted, it reached thepoint where it can 
reduce nitrogen oxide. 

Case methane is adopted as reducing gas here, because you 
can use the methane which is a city gas component, 
combustor bypass doing from for example same city gas 
supplier regarding combustor which designates this as 
fuel,supplying methane in exhaust gas of combustor, gas of 
mixed state just is led to catalyst part obtains clean gas of 
NOxfree, it becomes possible. 

Namely, adaptation to combustor is very easy and also, 
regarding the equipment configuration, because it is not 
necessary to install propane or other gas cylinder 
separately,space-saving exhaust gas cleaning system can be 
offered. 

[0009] 

[Working Example(s)] 

Working Example of this application based on the drawing is 
explained. 

Constitution of combustion *exhaust system I when it is 
adapted to gas engine heat pump has been shown invention of 
this application in Figure I . 

gas engine 2 of this gas engine heat pump respective fuel gas 
p and combustion air a is suppliedfrom fuel gas supply system 
3 and combustion air supply system 4. 
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Lra5c#x"cft4«»#x p 

C®/ 9 fzfivx^a— 3>hn— 5t 

x& 9 ctygwx g izm&zti&ATLjiximm 

SMfxIisJWflEfifcW 6 ^fflii^c^lCcty 
8Mb£*iTi*ftfli 7 ^#m**t«o 

CCDtf jfClfclvC, SPAS 5. /«<f/<z$ 9. X 
ifflffpgg 10 14. 6 KiHbSSS&t; 

[0010] 

5fer , «S*X(CtLlijl5c#Xi:LTti«<o ) 
£LT, **>(13A IMi#X)*SSfflLfc**a> 

fflicoi^reiTicKwrfto 



ffiraa>*xx>s;> 2 £3ti£«i£cfcyi£*M 

M( A >l)fttt»-ClB** C<D#»i«S£ 
B 8 l=£yttj£5£SP 6 Olt£ 700 deg C ft 

g ftlc»-r*/W/<XSti-5«»<Difc)t##X 



exhaust gas g which contains nitrogen oxide which occurs 
and, due to thecombustion inside gas engine 2 is discharged to 
exhaust system 5. 

catalytic reaction section 6 where compound which designates 
gallium oxide (Ga 2 0 3 )which formed in pellet as main 
component is arranged is introduced inthis exhaust system 5 . 

In addition temperature-holding equipment 8 as 
temperature-holding means which is maintained in 
temperature which is suited for reaction at time of use, this 
catalytic reaction section 6,is installed in perimeter of 
catalytic reaction section 6. 

Therefore, as for catalytic reaction section 6 at reaction it is 
maintained at the suitable temperature, by heat and 
temperature-holding equipment 8 which exhaust gas g 
possesses (When here, with gas engine temperature of exhaust 
gas is high in satisfactory,as for this temperature-holding 
equipment 8 there are not times when it is needed. ). 

On one hand, as illustrated, bypass doing gas engine 2, bypass 
system 9 which it leads from fuel gas supply system 3 directly 
to exhaust system 5 has beenprovided fuel gas p which is a 
reducing gas. 

flow controller 10 such as mass flow controller is arranged in 
this bypass system 9, thequantitative (Quantity of reducing 
gas for exhaust gas ) of reducing gas (fuel gas ) which is 
supplied to exhaust gas g iscontrolled from bypass system 9. 

And in operating condition, exhaust gas which contains 
nitrogen oxide depends onpassing catalytic reaction section 6 
and is purified and is discharged to the exhaust side 7. 

In this structure, exhaust system 5 V bypass system 9, flow 
controller 10 supplies nitrogen oxide and the reducing gas to 
catalytic reaction section 6 simultaneously. 

Then, this mechanism is called supply means. 

[0010] 

You explain below concerning operation of 
above-mentionedcombustion *exhaust system I . 

First, you explain below concerning example when methane 
(13 Acity gas ) isadopted fuel gas (This works as reducing 
gas. ) as. 

Aforementioned gas engine 2 from theoretical air- fuel ratio 
burning with oxygen excess (;la > 1) state, it maintains 
temperature of catalytic reaction section 6 in 700 deg 
Cvicinity withthis waste heat and temperature-holding 
equipment 8 . 

mixing ratio of fuel gas p under following condition (bypass 
for exhaust gas g quantity ratio of fuel which is done) with 
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ZtfJglCli. 5-10// m l=HBL 
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[0011] 

GHPffiffi$03Htttllt (SV1 0 0 0 0 0, 



cleaning ratio of nitrogen oxide which is contained in exhaust 
gas g and relationship of the catalyst were shown in Table I . 

(However, gallium oxide which adjusted particle diameter 5 - 
10;mu m (Ga 2 Oj ) with.result of gallium oxide (Ga2C>3 ) of 
commercial reagent where particle diameter is not adjusted 
isshown in this chart. ) 

[001 1] 

[Table 1] 

1 3A) 



SAJt 


IFFttGaiOi 
5~1 dm (%) 


(96) 


0 


2 




0. 0 0 2 5 


3 0 


1 9 


0. 005 


4 5 


28 


0. 0 1 


6 0 


42 



[0012] 

NO,N0 2 lZ#+&**>0)M1&±V(bELl&\t + 



[0012] 

Following to increase of mixing ratio of methane which is a 
resultand a reducing gas, removal rate of nitrogen oxide rose. 

nitrogen oxide % methane v oxygen * carbon dioxide has 
coexisted in exhaust gas naturally in this state,selection 
reduction has happened from fact that nitrogen oxide 
isreduced, understands . 

Here, as representative example of nitrogen oxide in exhaust 
gas reaction on catalyst of methane for NO,N0 2 is described, 



JSlT<D<fc5lcEa*tt*o 


like below. 




[0013] 


[0013] 




[ft 1] 


[Mathematical Formula 1] 


4NO+CH4 —2N2 + C02 + 2H20 




4 NO + CH4 ^2N2 + C02 +2 H20 


<GAI ID=000l> 


2N02 + CH4 


— N2+C02+2H20 




2 N02 + CH4 


*N2 + C02 +2 H20 


<GAI ID=0002> 


[0014] 


[0014] 





z(D&fc\zM no -mm 

[0015] 



NO is reduced by this reaction and changes in nitrogen* 
carbon dioxide „ water,rendering harmless is done. 

[0015] 

In reduction process method of above-mentioned nitrogen 
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oxide, on basis of the Figure 2 you explain relationship 
between reaction temperature and reduction performance of 
the nitrogen oxide. 

equipment configuration which you use is similar to those of 
Figure I. 

(nitrogen oxide is represented with NO in figure. ) 











condition when experimenting 








NO;lJS 






500 ppm 


NO concentration 






500 ppm 


SVffi(#X3i[* 






20000H-1 


gas flow SV value 


reaction part volume 




20000 h-1 



2500ppm 

mm. **. -mtstm* -Mimm. 

T 

(!)SSJEfclcff5iBStt1l6(D»b 

NO t)<nmX\ S*3^*«"eS**LTL^*. 

mm* no sk« . n 2 as* 

(a) 100~400 deg C <D»£J0Mcj3lvCtt* lit A/ 

(b) 400~900 deg C «lcasi>T NO A*iM>U N 2 
SS*ma©1B«l-«OCfc|Cj:y.NOx (D# 

£bic v 700 deg c JU±a)Sfi«ir:j3i^ri4. 
nox <Dffi*a*a«*'>Lfc 0 

ttor.C<Dtt«E(D»fc«aaaii 600-700 

deg c -efty.Ksa)»#xa>«si=afflL^ 

[0016] 



2500 ppm 

Under of oxygen > hydrogen v carbon monoxide H carbon 
dioxide N water coexistence 

Accompanies (1) temperature change change of reduction 
performance which 

As for Figure 2, vertical axis concentration of gas of 
respectively, the horizontal axis has shown temperature of 
reaction part. 

NO being solid line, nitrogen is shown with dashed line. 

Following to rise of temperature concerning reduction 
performance whichaccompanies temperature change, you 
explain. 

solid line NOconcentration, has shown ^concentration to 
which dashed line corresponds. 

(a ) 100 - Regarding temperature region of 400 deg C, 
reaction has not happenedfor most part. 

(b ) 400 - NO decreases in 900 deg C limits, N 2 
occurs,understands . 

It purifies NOx by maintaining temperature at aforementioned 
domain, it is possible . 

Furthermore, reducing effect of NOx decreased regarding 
temperature region of700 deg C or greater. 

Therefore, with 600 - 700 deg C, it is easy to apply 
purification optimum temperature of this catalyst to 
equipment of exhaust gas of high temperature. 

[0016] 
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[0017] 

(□)im*a>*lt«i=fei^rii. it^m&^isvh 

[0018] 

±K©3MfcflH::fcl*TI±* to 



[0019] 

ias. »»»*©|fiH©SI-Hffii:©»«l*ffi 
«WI4»WHi5©*iatlcliB^**L* i ti©-ei± 

[B9©ffi««:KW] 
[01] 

**©##*#fc««©*rtSS*H 



[■2] 

a5c#xtLr/*^t«fflLfc»*©iMb» 

[l»©IM!] 

6 
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Another Working Example of {Another Working Example } 
this application article it comes below. 

Regarding (J2 ) above-mentioned Working Example, mainly 
example of gallium oxide (Ga 2 C>3 )as catalyst was shown, but 
it is possible to be something which bears yttrium, calcium 
etc. 

Therefore compound which relates to this invention, is named 
compound which designates gallium oxide (Ga 2 0 3 ) as main 
component. 

As also, reducing gas, if it is a hydrocarbon, it is good any 
ones. 

[0017] 

Regarding (jp2 ) aforementioned Working Example, 
compound while it was a pellet it arranged in gas which 
includes nitrogen oxide, but forming in what shape such as 
honeycomb, it is possible to use this. 

[0018] 

(jp3 ) Furthermore, regarding above-mentioned Working 
Example, Working Example wasshown concerning treatment 
of nitrogen oxide in combustion *exhaust system 1 which has 
gas engine, but as for agricultural method of this application, 
incase of what such as treatment of nitrogen oxide in plant 
confronting,you can use. 

In addition, it is possible to be something where fuel gas 
which issupplied to reducing gas and gas engine regarding 
Working Example differs. 

Furthermore, you can adopt other than and needle valve % 
capillary etc mass flow controller as flow controller. 

[0019] 

Furthermore symbol is inscribed in order in section of the 
Claims to make contrast of drawing convenient, but this 
invention is notsomething which is limited in constitution of 
attached figure with said entry. 

[Brief Explanation of the Drawing(s)] 

[Figure 1] 

Constitution of exhaust gas cleaning device of this application 
is shown figure 

[Figure 2] 

reducing state of nitrogen oxide when methane is used as 
reducing gas is shownfigure 

[Explanation of Symbols in Drawings] 

6 
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